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ABSTRACT 


This thesis is addressed to the problem of determining 
the magnitude and direction of artillery observer errors 
im flashing high burst registrations with the M2 aiming 
circle. The task of flashing high burst registrations was 
simulated by using neon lamps to represent the visual 
Stimulus presented by an exploding oie ry st OUnCa as Nine— 
teen field artillery officers were used as subjects in an 
experiment conducted to collect the necessary Titormnat on. 
ifewe tound that larger errors were CommuLrtedslor measure— 
ments made in the vertical direction than for those in the 
horizontal direction. Most accurate measurements were 
made for flashes appearing in the first quadrant of the 
aiming circle reticle and for those appearing near gle 


menewer of the reticle. 
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LT. INTRODUCTION AND OUTLINE 


emer euUrsuerefistration is one of two standard 
hee moeretion techniques now in use by the field artillery 
Oferne U. 5S. Army and Marine Corps. The procedure has 
Been in use for many years and is accepted as a reliable 
meee gue fOr deévermining firing corrections necessary for 
memvery Of accurate artillery fire. All registration 
Pee m1 ques require a high Gegree of accuracy on the part 
of the gun crews and forward observers. However, the high 
Meese procedure iS particularly demanding of the observers 
Semec iy requires human observers to make accurate measure- 
Peeve CO DUrSTS appearing at random locations in the obser- 
Ver "Ss field of view. The duration of the visual stimulus 
Peecented Dy the burst is estimated to be as little as 0.1 
seconds under some conditions. Wheweccuracy achieved in 
Peeetizing twnese bursts is a key factor in determining the 
wemrdauy Of the firing corrections derived from the high 
Dimsteresistracvion. To the best of the author's knowledge, 
this accuracy has never been measured directly. 

This thesis is addressed to the problem of determining 
the magnitude and direction of artillery observer errors in 
Meroawizine tlashes when using the M2 aiming circle as an 
observation device. These errors were determined by 


lini 1s the author's estimate. The method used to 


Peli ewete tals sestimave is discussed in Section IV. 





Pemevering, an C€xperiment simulating the actual conditions 
of flashing rounds as nearly as possible.* The experiment 
feemecendced tO Simulate the task of flash localization 
feoer niesht-time conditions. Although it was not the 
author's intention to devise optimal techniques for flash- 
ing high burst registrations, some analysis of the experi- 
feeb. dave was made to establish indications of procedures 
which might improve the accuracy of the registration tech- 
nique. 

Apparently an accurate short-distance simulation of the 
Mies Localization task as it applies to the high burst 
registration has never been attempted before. Consequently, 
Meets POrvion Of the author's research and study for this 
paper was devoted to the task of devising an adequate simu- 
lation. The premise that the flash localization task can 
be accurately simulated is fundamental to the development 
feeGliis study. 

Petre mimeeceontains 4a brief Giscussion of field 
artillery registrations with emphasis on the high burst 
procedure. The M2 aiming circle, the observation instrument 
MoeGdein the experiment, is described in Section II1. The 


reader who is familiar with these subjects may want to omit 


“The observer's task which is of interest here is some- 


(ite werererred tO as "flash localization" in the literature. 
In artillery terminology, this task is often called "flash- 
Meme mroundsumoer bursts’ or simply "flashing." The visual 
stimulus created by an exploding artillery round is usually 
e2lje0 “tee burst” or “flash.” 





these two Sections. On the other hand, the reader who has 
teenie Knowledge of field artillery may find it helpful 
in understanding the terminology used in those Sections and 
elsewhere in this paper to refer to the Dictionary of 
United States Military Terms for Joint Usage [Ref. 1]. 

The flash simulation apparatus designed specifically 
Tor the experiment and the subjects used are discussed in 
eection IV. section V contains a discussion of the exper- 
imental procedure. The findings and a discussion thereof 
are contained in Sections VI and VII respectively. Con- 
clusions and recommendations are presented in Section VIII. 

Appendix A is a sketch of the electrical circuit used 
more hash Simulation. Appendix B contains a complete 


iMeotltne Of the experimental observations and computed means 


pe@cestandcdara Geviations of the observations. 





Peer so ARTELLERY REGISTRATIONS 


Pw URE OSE OF REGISTRATIONS 

Peandaro tirang tables have been devised for each type 
meee ela artillery weapon by firing a large number of 
projectiles from weapons under standard material and 
Semespheric conditions. Hence under these standard con- 
mmmrons, a projectile fired from a cannon will impact at 
moines that can be predicted with near perfection, allowing 
fOr Known variability. Of course these standard conditions 
are almost never realized when firing is conducted under 
teainings Or combat Situations. Consequently, registration 
procedures have been developed which permit the identifi- 
Piro Ol eCrrors caused by firing under these nonstandard 
freee Os, as well as those resulting from small errors 
mmeurvey and the plotting of firing charts, Field Manual 
6-40 [Ref. 2], the basic manual for field artillery gunnery, 
describes the purpose of registrations as follows: "... to 
determine the firing data (called adjusted data) that will 
place the mean burst location of rounds fired with that data 
fee pelnte ot known location. Registration data is used to 
Getermine corrections which, when applied, will compensate 
for the cumulative errors contained in survey, the firing 
eeaveeiiaterial, and nonstandard atmospheric conditions." 
Component corrections are always computed for range and 
deflection. If time fuze is to be used, fuze corrections 


must also be computed. 


TO 





PeeeesaGlotRATTON PROCEDURES COMMONLY USED 

Maere are only two standard registration procedures 
Meee r bed 1Or use by the U. 5. Army and Marine Corps. 
[emer e une Precision registration procedure and the hiph 
burst/mean-point-—of-impact procedure. Under combat situa- 
ti0nsS, acd hoc procedures are occasionally used to conserve 
time and ammunition or in an attempt to achieve an 
Peeeepuronaily high degree of accuracy. such procedures 
peemeroy Ol interest here and will not be discussed. 

1. The Precision Registration 

iiemeneOoreuiecalmodais for this procedure is the 
eeumpei1on that rounds fired from a cannon with fixed 
settings of elevation and deflection impact according to 
aebivariate normal distribution. The parameters of this 
Sot bution are Known, for practical purposes, for all 
Paaurastole SEbLINngs On the cannon, Under the precision 
repistratvion procedure, a sampling technique is used to 
estimate the elevation and deflecting settings required 
to make the center of the impact pattern coincident with 
a known point. 

Only one cannon from the firing unit is used to conduct 
the firing. This cannon is called the "base piece." Its 
location must be accurately established by survey. The 
iG@eenrOW Of a Suitable target, called the "“repistration 
point," must be similarly established. The registration 
point must be near the center of the sector into which the 


unit is required to deliver fire. Additionally, it must 


ft 





be permanent or semipermanent in nature, easily Poem Lay ven 
and clearly visible to at least one forward observer. The 
forward observer is normally equipped with four-power or 

Pe yen-power binoculars for use in making observations. 

The registration point is fired on using the base piece. 
Adjustments are made to the firing data based on the forward 
observer's judgement of the point-of-impact of each round 
meee lavion to the registration point. Firing is continued 
in this manner with progressively smaller changes being made 
to the firing data. Firing is stopped when small changes 
mer no Changes- in the firing data result in rounds impact- 
meewon all sides of the registration point. The adjusted 
Meevetion and deflection settings are then computed. 

It has been the author's experience that about 12 
rounds of ammunition must be expended to determine the 
adjusted elevation and deflection settings. If time fuze 
Meee culOns are required, at least six additional rounds 
must be fired. Hence a total of 18 or 20 rounds may be 
Meqvired to obtain adjusted data neiae Bie precision 
meecistration procedure, 

2. The High Burst/Mean-Point-of-Impact Procedure 

The high burst and mean-point-of-impact techniques 
Seeemcariy 1dentical and hence are considered to be a 
Single registration procedure. They differ only in that 
pimiemeuze 1s used in the high burst technique and rounds 
are required to burst above ground level. Registration 


corrections for elevation, deflection and time fuze can be 


ine 





determined simultaneously. In the mean-point-of-impact 
procedure, point-detonating fuze is used and hence time 
meee COrrections cannot be determined. Only the high 
Durst technique is discussed here. 

With this technique, a sampling procedure is used to 
estimate the mean burst point of a number of rounds fired 
Mei fixed elevation, deflection and time fuze settings. 
Firing data is calculated which causes rounds to burst 
approximately 50 meters above ground level, near the center 
Seeene Sector into which the unit must deliver fire. Rounds 
are fired by the base piece only. Measurements are taken 
tO ecch burst from each of two or more observation posts. 
imese measurements are used with a method of intersection 
Memestimacre the mean burst point of all rounds fired with 
these fixed settings. Rounds are fired in this manner until 
Measurements from six useable rounds are obtained. A 
round is considered useable if it does not seem to be 
erratic as determined by the fire direction officer. The 
Gevermination of whether a round is erratic is based 
mentee pally upem the measurements reported by the observa-— 
mon POSTS. 

The location of the base piece and all observation 
posts must be established by survey. Additionally, each 
of these positions must be connected by survey to establish 
a common directional reference. Each observation post must 
be manned and equipped with some type of azimuth measurin:: 


device, normally an optical instrument. 
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Perove [iring@e commences, orienting data is provided 
Gach observation post to increase the likelihood that the 
iiest OUPrSt Will appear within the field of view of each 
S@eerVation instrument. The initial round fired is used 
by each observer to improve the instrument OePrenvaulom: 
Present procedure dictates that the instrument be oriented 
pO enat the center of the reticle is coincident with the 
point at which the orienting burst appeared. The azimuth 
ememeverticle angie settings on each instrument are then 
recorded. All subsequent measurements are reported as 
deviations from these recorded readings and the observer 
does not normally reorient the instrument during the conduct 
pueene registration. 

For each subsequent round fired, each observation post 
moetrts tie horizontal deviation to the nearest mil. Only 
the observation post whose location is established with 
the least amount of survey field work reports the vertical 
Geviation. All measurements are reported as left, right, 
Meme COW from the center of the reticle. 

The command "SHOT" is used to notify the ears 
that a round has been f.red. Approximately five seconds 
before the round is expected to detonate, the command 
woPeeoh as Biven. This assures that the observer is 
always adequately alerted to the fact that a measurement 
must be made. 

ice Vvictlalescimulus presented to the observer bj a 


detonating artillery round varies with light and atmospheric 
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Pemoreions and with the size of the shell fired. During 
Gaylight hours, the observer may sight on the small cloud 
Of smoke created by the explosion. The smoke cloud may 
remain visible for several seconds. However, during the 
hours of darkness or when (eSieioy  s  Ounerwise reduced, 
Omiy the flash of light created by the explosion is visible. 
imeemauration of this flash is quite short. 

tiemmiieh burst registration is generally preferred to 
wees precision registration during periods of poor visibility 
Or when @ readily identifiable registration point is not 
available. The relatively sophisticated survey requirements 
of the high burst procedure make it less preferred than The 
Precision registration technique when time is a critical 
ieee LOL . 

A detailed discussion of both the precision and high 
Miret reesistration procedures is contained in Chapter 19, 


Field Manual 6-40 [Ref. 2]. 
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eee fh v2 AIMING CIRCLE 


Me wwe aiming circle is @ lightweight instrument pos- 
sessing many of the characteristics of a surveyor's transit. 
It is used to measure the azimuth and elevation angles of 
a ground or aerial target with respect to a preselected 
Memerence line or point. The instrument is equipped with 
a four-power, fixed-focus telescope with a field of view 
OF ten degrees. The reticle of the telescope consists of 
a pair of crosslines graduated to give angular readings 
from zero to 85 mils, in increments o” five mils. Figure 1 
is a sketch of the telescope reticle. A self-contained 
ieehnting device is provided for illuminating the reticle. 
This device is powered by two standard flashlight batteries 
and 1S equipped with a rheostat to permit the observer to 
control the degree of reticle illumination. A detailed 
Meaeeription of the Me aiming circle is contained in Section 
TI, Chapter 1, Technical Manual 9-6166 [Ref. 3]. 

The aiming circle is used for a variety of purposes in 
field artillery work. Flashing high burst registrations is 
Hewely One Of these. it should be noted that this instru- 
ment is not the only type available for flashin;, high burst 
registrations. It was selected for use in the experiment 
Pomgueued by the author because it is frequently used for 
mise purpose and because the simplicity of its telescope 
design makes it adaptable for use at extremely short 


ais tances. 
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Peet ene NAL APPARATUS AND SUBJECTS 


A. FLASH SIMULATION 

It is believed that an adequate simulation of the flash 
Seearea Dy an exploding artillery round must approximate 
Pg@eetOllowing visual characteristics of the flash: size, 
Mieation, light intensity, rise time of the light, and 
fever. Major difficulties were encountered in attempting 
Meameeientity these characteristics for various types of 
artillery rounds. The results of an extensive search of 
Bpeplrshed technical reports and answers to direct queries 
Pemappropriate agencies of the Army, Navy and Marine Corps 
Peaeereed the auchor that these visual characteristics are 
Met known. However, the following useful estimates for 
Piel >> Millimeter high explosive artillery shell were 
obtained [Ref. 4]: 

Diameter of the flash: 12 feet 

psec iIme: Of the 1eht: 0.1 Milliseconds 

Color: Orange 
Botvimatves between O.1 and 0.2 seconds for the flash duration 
were provided by various personnel within the Department of 
tie Arinny through informal discussions. 

These estimates were used to devise an initial simula- 
tion using an electrical circui to set off an NE-48 neon 
lamp. This initial simulat’on was observed by two field 
artillery officers chosen because of their extensive 


experience in flash observation. Several revisions of the 


lig 





Simulation were made based on the subjective judgement of 
Meese Officers. 

feoxevye!? Of the resulting circuit, as used for the 
Simulation, is presented in Appendix A. The characteristics 
@emone flash resulting from the simulation were: 

Rise time of the light: 1.0 milliseconds 

Pvasiecurataon: O,1 seconds 

Light intensity: 1.88 candlepower 

Color... Orange 
the flash from the neon lamp was masked to a diameter of 
two centimeters for the experiment. The simulation viewed 
from ten meters is believed to correspond approximately to 
viewing an exploding 155 millimeter shell from a distance 
of 2000 meters under night-time conditions. 

It is unrealistic to believe that all the visual 
Caaracteristics of the actual flash were duplicated by the 
Simulation. However, the diameter of the flash was 
Peproximated very accurately by masking. The rise tim of 
the light is so short for both the estimate and the simula- 
Mmmriniay tb 1S Delieved that the small difference between 
the estimate and the simulation is negligible. 

Piempormtchne lack Of Imhornmavion eoncerning the actual 
iden e is impOsszbple to determine what effect, if any, 
the inaccuracies in the simulated light intensity and flash 
duration might have on the experimental data. Ho’ ever, 
mieresis reason to ber Eve that the effect is negligible. 


fbowlezeecuralsetOund that accuracy for flash localization 
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mene radgtal GQimension is independent of flash intensity 
ema duration for durations in the range of 0.01 to 0.64 
seconds [{Ref. 5]. A study by Easley and Jackson to deter- 
fetes it accuracy is independent of flash duration for 
localizations made in two dimensions was inconclusive 


meer. 6). 


B. FLASH PRESENTATION BOARD 

Flashes were simulated by using the electrical circuit 
discussed above to set off NE-48 neon lamps mounted on a 
meme precentation board. 

The flash presentation board consisted of a 1/16th inch 
aluminum plate into which a matrix of 24 holes of two 
centimeter diameter were punched. Lamps were mounted on 
the back of the plate so that one was centered on each of 
the 24 holes. A white muslin sheet was stretched over the 
imeormueo: Loe board to achieve a circular flash and to 
beet ecny tne Subject from seeing the lamp directly. 

the board was constructed for simulation when viewed 
at a distance of ten meters. At this distance, one centi- 
meter on the board represents one mil from the observer's 
pPoeinc Of View. 

The board was placed ten meters from the Me aiming 
circle and oriented perpendicular to the line of sight. 
Reference lines drawn on the board at a distance of 30 


SonGimesers tromits center in cach of the horizontal and 


20 
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Meeerca! Garections were used in aligning the board to the 
mewlclec of the aiming circle. 

The 24 flash positions superimposed on the reticle of 
Meenwaiming circle are shown in Figure 2. The flash loca-~ 
tions include only a small area of the WOuaP=repic le. 
ewewer, this area corresponds to a circular field of view 
of 85 meters in diameter at a distance of 2000 meters. It 
is believed that a large percentage of flashes would appear 
Within this area for a high burst registration observed with 


Gees instrument from that distance. 


C., SUBJECTS 

Naneceen subJ;ects were used in the experiment. Each 
wee tie10 artillery officer of the U. S. Army or Marine 
Corps. All subjects were qualified observers in the sense 
that each had performed the task of flashing high burst 
registrations under combat or training conditions and con- 
meee read himseli fully Qualified in the procedure. 

iieweveratenaterol the supjects was 31.3 years. All 


Poon ects had 20/20 Vision, or Vision correctable to 20/20. 
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Figure 2, Telescope reticle of the M2 aiming circle 
with flash locations superimposed 
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Pe CAPE RIMENTAL PROCEDURE 


Poommote tie 19 Subjects was required to localize each 
of the 24 flashes on the presentation board. The sequence 
of fiash presentations was completely randomized. Each 
Subject was assigned a different sequence. 

The experiment was conducted in a completely blacked- 
Out room. When observing through the telescope of the 
Peie, circle, the subject's visual field was completely 
elileeyeexcepe for the illumir.ated reticle of the scope. 

Bach subject was dark adapted for ten minutes. Four prac- 
fee tlashes were presented to familiarize the subject with 
M@emexperaimental procedure. These were the sixth, tenth, 
TOurveenth, and eighteenth flashes of the sequence assigned 
to the subject. These flashes were presented again in 
their normal sequence during the recorded portion of the 
experiment. The subject was permitted to determine the 
speed at which the experiment progressed. Subjects were 
permitted rest breaks as desired. No flashes were 
Peeeeneea Until The subject reported “READY.” The experi- 
menter gave the command "SPLASH" approximately five seconds 
before presenting each flash. Subjects reported both 
horizontal and vertical measurements for each flash as 
"RIGHT (LEFT) horizontal measurement UP (DOWN) vertical 
measurement." The average time required by the subjects in 
ieceniziieeriome yi lashes, including rest breaks, was ten 


minutes, 23 seconds. Subjects were given no information 





Concerning the accurac, of their measurements during the 
Pemauey Of the experiment. 
bebyects were asked to comment on the realism of the 


Simulation after the experiment was completed. 
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Vi wee NDINGS 


A. GENERAL ANALYSIS PROCEDURE 

Peorsesin the horizontal and vertical directions were 
e@eyzed separately. For simplicity, these two directions 
meemoecsifnated the X and ¥Y directions, respectively. 

Errors resulting from reported deviations from reticle 
@mmer in excess of the actual deviation of the flash were 
considered to be positive in sign. These are errors of 
over-estimation. Errors of underestimation were considered 
fmem@e Nefavive in Sign. This convent'‘on is mathematically 
convenient and tends to compensate for any small errors in 
alignment of the flash presentation board with the tele- 
meepe reticle when errors are averaged over all flesh 
ieecacions. 

mMiemanalysis Of variance 1S one of the techniques used 
in analyzing the experimental data. The model for a 
completely randomized design with subsampling [Ref. 7] was 
fecmuOr coc analysis of variance. 

Pov acwemecomuaim@c ce lictans of Ghe Location of each 
Piashn used in the experiment, the observations from the 
experiment, and the sample mean and variance of errors for 


each flash location. 


pee OMAR T SON .OF X AND ¥ ERRORS 
The sample mean and standard deviation for the X and fr 


PEeremerOVer ie. leach Locations are contained in Table l. 





TABLE 1 


X AND Y ERRORS OVER ALL FLASH LOCATIONS 


Te 





A I ET gry a a ‘4 
a a er ree 


remponent Error Mean Seandard Veviation 





X -0.09 mone 
Y 0.80 enor 


iiesprocuct moment correlation coefficient of X and ¥Y 
components of each measurement error was computed. The 
value of the coefficient was 0.0416. Errors in the X and Y 
Sapeeetv1 On were essentially uncorrelated. 

Pepareec eo statistics were computed to determine if 
ieameerrors in the X and Y direction were different from 
Beeeme hie Value of the statistic for errors in the X 
direction as -1.12, with 455 degrees of freedom. The 
eossollity associated with this value of the statistic is 
less than 0.50 and greater than 0.20. The value of the t 
Bap lseulc tOrrerrors an the ¥ direction was 10.0. The 
probability associated with this value of the statistic is 
Necsce tian. ¢ol. The X component errors did not vary from 
an hypothesized mean of zero, whereas the Y errors did 
Vivato MComlncenee. 

eee reseemcavalece L.v2 was calculated to test tor 
equzlity of variances of errors in the X and Y directions. 
The probability associated with this value of the F sta- 
mievtrosisupreaver than 0.999. An hypothesis of equality of 


variance in the X and Y directions was accepted. 





A t statistic for independent samples with equal 
variances was computed to test for equality of the mean 
mes in cach of the two directions. The resulting value 
was -8.07. There were 910 deprees of freedom. The 
Peebability associated with this value ou Che=statistie 
1s less than 0.0005. The mean for Y errors was larger than 


that for X crrors with high confidence. 


C. ANALYSIS OF ERRORS BY QUADRANT 

Data was grouped to permit a comparison of relative 
e@emracy Of tlash localization as a function of the quadrant 
of the reticle within which the flash appeared. Quadrants 
were numbered clockwise, beginning with the upper-right 
quadrant. Table 2 contains the sample i.egans and standard 


deviations of the component errors by quadrant. 


Hig Me slg 72 


X AND Y ERRORS BY QUADRANT 


———— 


Component Error Quadrant Mean Standard Deviation 


x il 0.08 ie 
i 2 0.28 180 
X S -0.39 ey 
x 4 -0. 36 1.64 
Y 1 Gme2 1.41 
ie 2 ipa’ 1.73 
Me 3 1.25 oul 
Y 4 0.46 1.38 
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An analysis of variance was conducted to test for 
PoemMality of mean errors in the X direction for the four 
Guadrants. The resulting analysis of variance table is 


Shown in Table 3. 


Apis 3 


ANALYSIS OF VARIANCE TABLE FOR X ERRORS BY QUADRANT 


ee eee ceeeenee 


source sum of Square: DF Mean Square KF Ratio 





Guedarants 37.5413 3 eS Sal sy Aliph e seals 
Experimental 491.9080 72 6.8320 
Pmeror 
Sampling 765.4559 380 
Error 
Meta | 1294 .9052 HOS 


Mies probability associated with the computed Ff statistic 1s 
greater than 0.10 and less than 0.25. There is an indica- 
tion that the mean of the X errors was not equal for all 
quadrants, with smallest mean error occurring in the first 
muedrant s . 

An analysis of variance was also conducted to test for 
Silaiiey Of Mean errors in the Y direction for the four 
quadrants. The resulting analysis of variance table is 
shown in Table 4. The probability associated with the 


computed value is less than 0.001. Pairwise comparisons 
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I JEUE ID, 2 


ANALYSIS OF VARIANCE TAPLE FOR Y ERRORS BY QUADRANT 


— 





oe 


source Sum of Squares DF Mean Square Th ges eS 
Quadrants 78.7939 5 26.2646 Omilbod: 
Experimental 305.6123 ae Wh QuUu6 
ae Por 
Sampling 885.3504 380 
Eeror 
eva | 1269. 7566 H55 


using Tukey's method [Ref. 8] and a significance level of 


0.05 reveal that 


ly = Uy <4U 
> yy V5 3 


where Hy denotes the mean of the errors in the Y direction 
for the : yon quadrant. The mean oir the Y errors in the 
Hirst and fourth quadrants was significantly smaller than 
mreemedan of the Y errors in the second and third quadrants. 
However, the mean was essentially equal in the first and 
fourth quadrants and in the second and third quadrants. 
D. ERRORS AS A FUNCTION OF DISTANCE OF FLASH FROM RETICLE 
CENTER 
Data was grouped for all flash points located at a 
Pao meee tance arommepne center of the reticle. There 
were three such groups, each containing data from eight 


miniPepeimcomiGeated at distances of 6.5, 13.9 or 22.5 
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centimeters from the center of the flash presentation board. 
These three froups were numbered beginning with the group 
Meerest the center of the reticle. Table 5 contains the 


sample means and standard deviations of the component errors 





by group. 
JU Sie aa) 
Velho y ERRORS BY CILARCLE-GROUP 
wemnoonent Error Grouse Mean Standard Deviation 
ne ee 
X Ar 0.10 1 26 
X 2 -0.03 6 1 
vl 1. O51. esis 
u 2 Oasis 1 Ne 
Y 5 ati. emle 


er 





An analysis of variance was conducted to test iO te 
equality of mean errors in the X direction among the three 
groups. The resulting analysis of variance table is shown 
tn Table 6. Tne probability associated with the computed 
BF ratio is greater than 0.10 and less than 0.25. There is 
an indication that the mean of the X errors differed 
increasingly from zero with increasing distance Gf the 
MmEtowerron reticle center. 

The table resulting from an analysis of variance to 


test for equality of mean errors in the Y direction among 
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TABLE 6 


ANALYSIS OF VARIANCE TABLE FOR X ERRORS BY CIRCLE-GROUP 











———— 


Spource Sum of Squares DF Mean Square F Ratio 


Groups omy co 2 ee code ie 7 ONG 
Experimental 251, 6089 By 4.6593 
baer Or 
Sampling Oe IE 399 
fgaeae Or 
Total 1290.8904 N55 





the three groups is displayed in Table 7. The probability 
associated with the computed F ratio is greater than 0.05 

mm@a@eless than 0.10. There is a strong indication that the 
mean of the Y errors increased with increasing distance of 


mime 1 tash from the center of the reticle. 


TABLE 7 


ANALYSIS OF VARIANCE TABLE FOR Y ERRORS BY CIRCLE-GROUP 
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Soulce DUN Ot soGglatces DF Mean Square F Ratio 
Groups 2 Orewa | 2 Grae os 2.5938 
Experimental Pano, Clas 54 3.9040 
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VII. DISCUSSION OF FINDINGS AND A DISTRIBUTION 
FUNCTION FOR RADIAL ERROR 
A. INTERPRETATION OF THE FINDINGS 

the findings clearly indicate that there exists a 
Significant bias in measurements made in Chet ieeGurec bi on, 
but there is none for measurements made in the X direction. 
On the average, observers tend to overestimate vertical 
feetaoioOn., Furthermore, the findings demonstrate that the 
Betaeance of errors in the two directions are equal. The 
very small value of the product moment correlation coeffi- 
cient implies that there is essentially no linear correla- 
mem, Detween errors for the two directions for those flash 
locations used in the experiment. 

Wteweanalyais Of errors as a funevtion of the quadrant in 
which the flash appears indicates that measurements in the 
X direction tend to be most accurate for flashes appearing 
memecne first quadrant. There is a strong indication that 
measurements in the Y direction are most accurate for 
meshes appearing in the first and fourth quadrants. Hence 
best overall flash localization accuracy may be expected 
for flashes appearing in the first quadrant. This finding 
is in general agreement with the results of numerous 
studies reported in the literature which show that familiar 
moras ana figures tachistoscoptically presented to subjects 
medrese ceneral poine an the visual field tend to be 


better recognized and perceived when presented in the right 
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visual field than when presented in the left [Ref. 9, OS 
11}. This tendency to perceive better when scanning from 
left-to-right may be a partial explanation for improved 
Mash localization accuracy in the first quadrant, Of 
geese this result did not hold for flashes presented in 
fiessecond quadrant. This apparent inconsistency is 
perhaps attributable to the perceptual differences caused 
Meeevie Cirection of vertical scanning, for the findings 

of this experiment indicate that better accuracy is 
achieved for measurements in the Y direction when scanning 
upward. 

Wine analysis of errors as a function of the distance of 
Meaeewilash from the center of the reticle indicates that 
Pecuracy Of flash localization deteriorates with incr asing 
Smeweamce. burthermore, accuracy of localization in the Y 
Cirection tends to be more sensitive to distance than does 
Mmimeraccuracy for localization in the A direction. That 
accuracy decreases with increasing distance is not a sur- 
Pissing result, for it has been rather clearly demonstrated 
wnat visua: perception and recognition under the general 
conditions of the experiment do deteriorate as distance 
inecreas:s [Ref. 10, 11, 12]. Kraemer observed this same 
result in evaluating the gunner's reticle of the M48 tank 
ftetmemist. Thais result is penerally attributed to the 
increasing amount of eye movement required and to the 


increased dem:nds on the observer's memory. 


Cae. 





B. PRACTICAL CONSEQUENCES OF THE FINDINGS 

The findings indicate that some adjustments to the 
present high burst registration might be made to improve 
@im@esaccuracy of the firing corrections derived through 
eeelication of the procedure. The Peal ogee te a telly 
indicate that measurements in the Y direction are no more 
mettable than those in the X direction. This casts some 
doubt on the wisdom of the present practice of using 
femeical measurements from only one observation post, for 
better estimates should result in the long run by using 
Measurements from each observation post. 

Knowledge of the nature of the errors committed in the . 
flash localization task can be used to improve the estimate 
Geese true jocation of the burst: over the lon’ run. For 
instance, one a- proach might be to adjust the measurements 
reported by the observer based on the quadrant in which the 
flash appeared. Alternatively, adjustments could be made 
based on consideration of the distance of the flash's 
Poeearaiece strom the center of the reticle. 

Pepernaps Simpler procedure would be to orient the 
aiming circle so as to increase the likelihood that flashes 
will appear in the first quadrant. This can be achieved 
meamoriencine the center of the telescope reticle come 
distance to the left and below the point at which the 
orienting burst appears. Of course this procedure might 
result in increasing total eye movement in the flash local- 


ization task ane this consequence should be considered in 





devising an instrument orientation scheme. Consideration 
@ietune variability of the errors might also be made. 
Another possible consequence is the effect on accuracy 
which might result from the observer's knowledge of the 
fact that flashes are most likely to appear in the first 
M@meecrant. This effect, if any, was not investigated in 


the experiment. 


C, DISTRIBUTION FUNCTION FOR RADIAL ERROR 

The findings can be used to estimate the probability 
associated with particular values of the radial error of 
measurement. 

Denoting the error in the horizontal measurement by X 
and that in the vertical measurement by Y, a distribution 
mumeuron tor the radial error RK - Vx? 4 a can be derived 
under the following assumptions: 

ime and Y Nave a biveriate mormal distribution 


2. kX and Y are independent 


lnder these assumptions, the joint density of X and Y is 
_ x2 4+" 


al 
f£(X,Y) = e c0 





iicenstorm to polar coordinates by setting 


X = Reos6, Y = Rsin@, where 6 = tan? 


rs|K 





Then 


Pe R< 1) = G(R) = Reise) GXdY = pects Rsin6é)RdRdé. 








Let Re 
ae 
g(R,6) = f(Rcos@, Rsin@)R = ~ e a0 ee 
OTTO 
T) en 
Re 
OT oS 
g(R) = Ss g(R,e)do= Se PF , 62) 2 
0 O 
Hence re 
= ee 
Pe(kR <r.) = f g(R)dR = 1l-e ; ee a aoe 
0 


An estimate for o can be determined from the sample standard 
See deavions of X and Y computed for all flash locations. 

This gives the estimate OT 4109. Sete 

Merwe uiis estimate for o, the probability that a 


reported measurement is within one mil of the actual flash 


ikoecaction is 


Dol Geil) sams ol 2 es. 


petlariy, the probability that a measurement is within two 


mes Of the actual flash location is 


4 


PGMs ee a oie 


imme brivus ON iuncuien Was derived under the 
aFooumoeLlon that there is no bias in the component errors 


f estimate. However, the findings clearly show that there 





is a significant bias for measurements in the Y direction. 


meamee tie distribution function shown here can be expected 


Meme ld optimistic or highly generalized results. 





VII. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

ies results Of the experiment clearly demonstrate that 
when using the Me aiming circle as an observation instru- 
teeeecre accurecy of flash localization as it pertains to 
Geers bDUrst registration procedure is not independent 
See 1OCation at which the flash appears on the reticle. 
iieecncral, smallest errors result for flashes appearing 
fee ttrst Quadrant and for those appearing near the 
Semeereot the reticle. These findings may be of practical 
Significance in developing techniques of flash observation 
for the high burst registration when using the Me aiming 
emecle aS an observation instrument. 

ihe aucvhor’s experience in conducting this study leads 
mememenconmelusion that the task of flash localization as it 
Meee smvo Lie Migh burst registration can be accurately 
samulated. This conclusion is substantiated by the stated 
eeiremauos vwne e2 field artillery officers who observed 
the simulation devised by the author. Increased knowledge 
of the visual characteristics of exploding artillery rounds 
cova De ,Used GO devise a more accurate simulation. It is 
SicwaUrhOr Ss Opanwon that short distance simulations of the 
flash localization task can be of great value in training 
observers and conducting experimentation at very low 


material cost. 





Peer rRaAs FOR FURTHER RESEARCH 

Apparently no theoretical studies have ever been made 
Of the comparative accuracy of the high burst and precision 
registration procedures. Such a study could be of value 
in evaluating proposed changes to these procedures. The 
Peewracy Of both of these procedures seems to depend 
heavily on reliable and accurate performance by the gun 
meeWwonwOOservers and tire direction personnel. Studies of 
tne errors committed by these personnel seem to be essential 
Mmmcwine a realis’ -~c evaluation of the accuracy of the 
feetepravion procet:ures. Of particular importance is the 
Meee Oor C€valuating the accuracy with which fc ‘ward obser- 
Vers are able to judge the relative locations of impacting 
rounds and a fixed target. 

iets believed that the data obtained from the experi- 
fememcenovecnoed by the author can be of use in answering 
Several questions relating to the high burst registration 
Pieoeccaure, for anstance, what are optimal locations for 
MPeerveartom POsts fOr ilashing high burst registrations 
under combat conditions? What is the expected accuracy of 
Piemiren Durst Fepistration procedure for various locations 
of the observation posts? What is the optimal number of 
We Liu lonepOosts, GO Use Under Some Suitable criteria? 
Wh: ¢ are some rules of thumb which the fire direction 
Om meemercageuce an Getermining if a@ round is erratic? If 


more than two observation posts are used, how can one best 





meooluve vie polygon of error that results when estimates 


Mmeomeonree or more observation posts do not coincide? 


C. RECOMMENDATIONS 

iets) recommenced that the Department of the Army 
Pemender taking steps to identify the visual characteristics 
Seem tOdiIng artillery rounds under various light and 
avmospheric conditions. It is further recommended that 
Consideration be Biven to developing short distance simula- 
memo or the flash localization task for use in training 


and experimentation. 
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APPENDIX A 


ELECTRICAL CIRCUIT FOR FLASH SIMULATION 
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